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RP-HPLCRetama raetam is amedicinal and aromatic plant present in the humid to the arid bioclimatic regions of Tunisia. In
this work, we investigated R. raetam shoots antioxidant and antimicrobial activities and its natural antioxidant
contents obtained from four fractions (petroleum ether, acetone 60%, ethyl acetate and water). Results showed
that the ethyl acetate fraction exhibits the highest antioxidant activity as compared to the other ones. In fact,
IC50 values of ethyl acetate extract were equal to 33.5, 500 and 1380 μg/ml (DPPH and ABTS radicals scavenging
activity and reducing power, respectively). Accordingly, this fraction presented the highest total polyphenol and
ﬂavonoid contents (401mg GAE/g DR and 33.21mg CE/g DR, respectively). Moreover, RP-HPLC analysis showed
that syringic acid and coumarin were the major phenolic compounds. Furthermore, this moderately polar frac-
tion showed considerable antibacterial properties against human pathogen strains especially against Escherichia
coli and Bacillus cereus. Finally, fractionation allows the identiﬁcation of R. raetam most active molecules and
therefore the optimization of their utilization. Our ﬁndings pointed out the appropriate solvent for extracting
R. raetam potent phenolics whichmight provide a rich and novel source of natural antioxidants as food additives
replacing synthetic ones in food industry.
© 2014 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
In healthy individuals, there is an equilibrium between the natural
antioxidative defense system and the reactive oxygen species (ROS),
generated from both living organisms and exogenous sources. Once
the equilibrium is disrupted, the ROS excess induces oxidative damage
to various biomolecules including: protein, lipid, DNA and RNA associ-
ated with cell structural damage, tissue injury and gene mutation
(Velazquez et al., 2005). This oxidative damage plays a causative role
in aging, as well as several degenerative diseases, such as heart disease,
hypertension, cognitive dysfunction and cancer (Ksouri et al., 2010,
2011). In order to protect foods and humans against oxidative damage
caused by free radicals, synthetic antioxidants such as butylated
hydroxyl anisole (BHA) and butylated hydroxyl toluene (BHT) wereC50, inhibition concentration at
nce was 0.5; ATCC, American
, catechin equivalents; BCBT,
y residue; BHT, butylated hy-
ant capacity; RT, retention time;
graphy.
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ghts reserved.chemically synthesized (Moure et al., 2001). However, consumers' con-
cern has come to focus on the toxicity and potential health hazards of
synthetic antioxidants (Moure et al., 2001).
Natural antioxidants, especially plant phenolics, ﬂavonoids, tannins
and anthocyanidins are proved to be a safe alternative (Mohsen and
Ammar, 2009). Putative therapeutic effects ofmany traditionalmedicines
may be ascribed to the presence of these natural antioxidants, which are
able to scavenge oxygen radicals and inhibit peroxidation (Maksimovic
et al., 2005). With this respect, numerous crude extracts, from plants
rich in phenolic, are of interest in the food industry, because they can
retard lipid oxidative degradation and thereby improve the quality and
nutritive value of food (Kahkonen et al., 1999). Accordingly, some studies
have shown that the increased dietary intake of natural antioxidants like
ﬂavonoids may act as potent candidates in preventing diseases related to
oxidative stress, such as cancer, atherosclerosis, aging and rheumatoid
arthritis (Behera et al., 2008).
Evaluationof antioxidant and antiradical activities of fruits, vegetables,
and other plant products cannot be carried out accurately by any single
universal method or extraction solvent system (Ksouri et al., 2008). As a
matter of fact, several studies showed that polyphenol contents differed
with solvent polarities and different solvent systems should be used for
extraction of polyphenols from plant materials (Chavan et al., 2001). In
this context, Trabelsi et al. (2010) found that extraction solvent systems
(pure or mixture) of varying polarities differ signiﬁcantly in their
extraction capacity and selectivity for leaf phenolic content and
Fig. 1. Extraction procedure of Retama raetam shoots.
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monopetalum. Consequently, the solubility of phenolic compounds is ac-
tually governed by the type of solvent used, the degree of polymerization
of phenolics, as well as by the interaction of phenolics with other food
constituents (Djeridane et al., 2006).
In Tunisia, a considerable diversity of species withmultiple interests
including therapeutic practices occurs, and a number of them have not
been subject to chemical investigations. For example Retama raetam is a
famous herb drug in Tunisia. In fact, in traditional medicine, R. raetam is
used for the treatment of several diseases such as eczema, diabetes and
hypertension and its shoots are also used as an antidote against snake
bites (Maghrani, 2005). Research undertaken on gender Retama
showed that the aqueous extract of R. raetam had diuretic and hypogly-
cemic effects (Maghrani, 2005). Even more, oral administration of
20 mg/kg of this aqueous extract reduced signiﬁcantly the glucose
levels in diabetic rat bloods (Maghrani, 2005).Moreover, the administra-
tion of R. raetam aqueous extracts induces a decrease in the triglyceride
concentrations in the plasma of normal and diabetic rats and leads to a
signiﬁcant decrease in weight (Maghrani, 2005). However, there is a
paucity of information regarding the estimation of biological activities
of different R. raetam fractions and the identiﬁcation of the most active
phenolic compounds responsible of these activities. Therefore, the
present studywas designed to estimate the antioxidant and antimicrobi-
al activities of R. raetam fractions (hexane, acetone 60%, ethyl acetate and
water). Additionally, phenolic contents (total polyphenols, ﬂavonoids,
condensed tannins) were also estimated as well as the identiﬁcation by
RP-HPLC of the main phenolic compounds.2. Material and methods
2.1. Plant sampling and extract preparation
R. raetam samples were collected from Sabkha of Soliman (30 km
from the capital of Tunis; 36°42′50″ N and 10°24′31″ E; superior semi-
arid bioclimatic stage;mean annual rainfall: 500–600mm) inDecember
2010. Plants were identiﬁed by the botanist of the Biotechnology Center
of Borj-Cedria (CBBC), and a voucher specimen [F-RE 27] was deposited
at the Herbarium of the Laboratory of Extremophile Plants (at CBBC).
Aerial parts were collected during the vegetative stage, rinsed with
distilled water then air-dried for twoweeks and ground to a ﬁne powder
in aMettler AE200 (Dangoumau type) grinder. Extractionwas performed
using solvents of increasing polarity (petroleum ether, ethyl acetate,
acetone/water 60/40, V/V and water) using a simple a beaker for the
solid–liquid extraction and a separatory funnel for the liquid–liquid
extraction. At each extraction step, 50 g of plant material was mixed
with 250ml of solvents. First, the sampleswere extracted by petroleum
ether to remove lipophilic compounds and then the resulting residues
were extracted with acetone 60% (Fig. 1). The acetonic extract was fur-
ther portioned in separating funnel using ethyl acetate andwater, yield-
ing four fractions (petroleum ether, acetone 60%, ethyl acetate and
water).2.2. Chemical reagents
Folin–Ciocalteu reagent, sodium carbonate anhydrous (Na2CO3),
gallic acid, sodium nitrite (NaNO2), aluminum chloride hexahydrate
(AlCl3, 6H2O), vanillin, 2,2-diphenyl-1-picrylhydrazyl (DPPH), sodium
hydroxide de (NaOH), trichloroacetic acid iron, chloride anhydrous
(FeCl3) and catechin were purchased from Fluka (Buchs, Switzerland).
ABTS single reagent, β-carotene, Tween 40, linoleic acid and butylated
hydroxytoluene (BHT) were purchased from Sigma-Aldrich (GmbH,
Sternheim, Germany). Sulfuric acid (H2SO4), potassium ferricyanide
K3Fe(CN)6 and Muller Hinton medium were purchased from Merck
(Darmstadt, Germany).2.3. Colorimetric quantiﬁcation of antioxidants
2.3.1. Total phenolic content
Colorimetric quantiﬁcation of total polyphenols was determined, as
described by Dewanto et al. (2002). An aliquot (0.125 ml) of appropri-
ately diluted sample extract was mixed with 0.5 ml distilled water and
0.125 ml of Folin–Ciocalteu reagent. After 3 min, 1.25 ml of Na2CO3 so-
lution (7%) was added and the ﬁnal volume was made up to 3 ml with
distilled water. The absorbance of the resulting solution was measured
at 760 nm, after incubation for 90 min. The phenol contents were
expressed in terms of milligram gallic acid equivalent per gram of dry
residue (mg GAE/g DR). Triplicate measurements were taken for all
samples.
2.3.2. Total ﬂavonoid content
Total ﬂavonoids were measured colorimetrically according to
Dewanto et al. (2002). An aliquot of suitable diluted samples was
added to 0.075 ml of NaNO2 and mixed for 6 min, before adding 0.15 ml
of a freshly prepared AlCl3 (10%). After 5min, 0.5 ml of NaOH (1M) solu-
tion was added. The ﬁnal volume was adjusted to 2.5 ml with distilled
water and thoroughlymixed. Absorbance of themixturewas determined
at 510 nm. Total ﬂavonoid content was expressed as mg catechin per
gram of DR (mg CE/g DR). All samples were analyzed in triplicate.
2.3.3. Total condensed tannin assay
The analysis of condensed tannins (Proanthocyanidins) was carried
out according to the method of Sun et al. (1998). Three milliliters of 4%
methanolic vanillin solution and 1.5 ml of concentrated H2SO4 were
added to 0.05 ml of suitably diluted sample. The mixture was allowed
to stand for 15 min, and the absorbance was measured at 500 nm. The
amount of total condensed tannins was expressed as mg (+)-catechin
equivalent/g DR. All samples were analyzed in three replications.
2.4. Assessment of antioxidant activities
2.4.1. Evaluation of total antioxidant capacity
An aliquot (0.1 ml) of fraction extracts was combined to 1 ml of
reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate and
4 mM ammonium molybdate). The tubes were incubated in a thermal
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solution was measured at 695 nm against a blank. The antioxidant ca-
pacity was expressed as mg gallic acid equivalent per gram dry weight
(mg GAE/g DR). All samples were analyzed in triplicate.
2.4.2. DPPH radical-scavenging activity
The free radical scavenging activity (RSA) of the fraction extracts
wasmeasured using the DPPH (1.1-diphenyl-2-picrylhydrazyl) method
based on measurement of hydrogen donating or radical-scavenging
ability using the stable DPPHmethod (Hanato et al., 1988). 1 ml of frac-
tion extracts was mixed with 0.25 ml of methanolic solution of DPPH
(0.2 mmol/l) and allowed to react in the dark for 30min. The antiradical
activity was expressed as IC50 (μg/ml), the extract dose required to
cause a 50% inhibition. A lower IC50 value corresponds to a higher an-
tioxidant activity of plant extract. Radical-scavenging activity (RSA)
was estimated as RSA% = [(A0− A1) / A0] × 100, where A0 is the ab-
sorbance of the control reaction and A1 is the absorbance of the test
extract.
2.4.3. ABTS assay
ABTS radical-scavenging activity of extracts was determined accord-
ing to Re et al. (1999). The ABTS•+ cation radical was produced by the re-
action between 5 ml of 14 mM ABTS solution and 5 ml of 4.9 mM
potassium persulfate (K2S2O8) solution, shaken in the dark at room tem-
perature for 16 h. Before use, this solutionwas dilutedwith ethanol to get
an absorbance of 0.700 ± 0.020 at 734 nm. In a ﬁnal volume of 1 ml, the
reaction mixture comprised 950 μl of ABTS•+ solution and 50 μl of the
plant extract fractions at various concentrations. The reaction mixture
was homogenized and its absorbance was recorded at 734 nm.Methanol
blanks were run in each assay, and all measurements were done after at
least 6 min. As for the antiradical activity, ABTS scavenging ability was
expressed as IC50 (μg/ml). The inhibition percentage of ABTS radical was
calculated using the following formula:
ABTS scavenging effect % ¼ A0−A1ð Þ=A0½   100
where A0 is the absorbance of the control reaction and A1 is the absor-
bance of the test extract.
2.4.4. Determination of reducing power
The ability of the extracts to reduce Fe3+was assayed by themethod
of Oyaizu (1986). Brieﬂy, 1ml of fraction extractswasmixedwith 2.5ml
of phosphate buffer (0.2 mol/l, pH 6.6) and 2.5 ml of K3Fe(CN)6. After
incubation at 50 °C for 25 min, 2.5 ml of trichloroacetic acid (10%) was
added and the mixture was centrifuged at 650 ×g for 10 min. Finally,
2.5 ml of the upper layer was mixed with 2.5 ml of distilled water and
0.5 ml of aqueous FeCl3 (0.1%). A higher absorbance indicates a higher
reducing power. EC50 value (mg/ml) is the effective concentration giving
an absorbance of 0.5 for reducingpower andwas obtained from the linear
regression analysis. The absorbancewasmeasured at 700nm.All samples
were analyzed in triplicate.
2.4.5. β-Carotene bleaching test (BCBT)
A slightly modiﬁed method of Koleva et al. (2002) was employed.
β-Carotene (2 mg) was dissolved in 20 ml chloroform and to 4 ml of
this solution, linoleic acid (40 mg) and Tween 40 (400 mg) were
added. Chloroform was evaporated under vacuum at 40 °C and
100 ml of oxygenated pure water was added, then the emulsion was
vigorously shaken. An aliquot (150 μl) of the β-carotene:linoleic acid
emulsion was distributed in each of the wells of 96-well microtiter
plates and fraction solutions of the test samples (10 μl) were added.
Three replicates were prepared for each of the samples. The microtiter
plates were incubated at 50 °C for 120 min, and the absorbance was
measured using a model EAR 400 microtiter reader (Labsystems
Multiskan MS) at 470 nm. Readings of all samples were performed im-
mediately (t= 0min) and after 120min of incubation. The antioxidantactivity (AA) of the extracts was evaluated in terms of β-carotene
bleaching using the following formula:
AA% ¼ A0−A1ð Þ=A0½   100:
where A0 is the absorbance of the control at 0 min, and A1 is the absor-
bance of the sample at 120min. The results are expressed as IC50 values
(μg/ml).2.5. Antibacterial activity measurement
The antibacterial activity was assessed by the agar disk diffusion
assay (Bagamboula et al., 2003) against fourteen human pathogenic
bacteria: Gram-positive cocci including Micrococcus luteus NCIMB
8166, Enterococcus faecalis ATCC 29212, Listeria monocytogenes ATCC
19115, Staphylococcus epidermidis CIP 106510, B. cereus ATCC 14579,
and Staphylococcus aureus ATCC 25923, and Gram-negative bacteria in-
cluding Aeromonas hydrophila ATCC 7566, Vibrio parahaemolyticusATCC
17802, Vibrio cholerae non-O1 IPT, Vibrio alginolyticus ATCC 33787, Vibrio
vulniﬁcusATCC 27962T, Salmonella typhimuriumATCC1408, Pseudomonas
aeruginosa ATCC 27853, and Escherichia coliATCC 85218.Microorganisms
were provided byDr. SnoussiMejdi from theWater Researches and Tech-
nologies Centre of Borj-Cedria (CERTE), Borj Cedria, Tunisia. The bacterial
strains were ﬁrst grown onMuller Hintonmedium at 37 °C for 24 h prior
to seeding onto the nutrient agar. One or several colonies of the indicator
bacteria were transferred into API suspensionmedium (BioMérieux) and
adjusted to the 0.5 McFarland turbidity standard with a Densimat
(BioMérieux). A sterile ﬁlter disk with 6 mm in diameter (Whatman
paper no. 3) was placed on the infusion agar seeded with bacteria, and
10 μl of 300 mg per disk extract concentrations was dropped onto each
paper disk. The treated Petri dishes were kept at 4 °C for 1 h, and incu-
bated at 37 °C for 24 h. The antibacterial activity was assessed by mea-
suring the zone of growth inhibition surrounding the disks. Disks with
10 μl of pure methanol were used as negative controls.2.6. Antioxidant identiﬁcation
2.6.1. Phenolic compounds by RP-HPLC
The separation of phenolics was performed with an Agilent 1100 se-
ries HPLC system equipped with an online degasser (G 1322A), a quater-
nary pump (G 1311A), a thermostatic autosampler (G 1313A), a column
heater (G 1316A), and a diode array detector (G 1315A). Instrument con-
trol and data analysis was carried out using Agilent HPLC Chemstation
10.1 editon through Windows 2000. The separation was carried out on
a reverse phase ODS C18 column (4 mm, 250 × 4.6 mm, Hypersil) used
as a stationary phase at ambient temperature. Themobile phase consisted
of acetonitrile (solvent A) and water with sulfuric acid as solvent B
(0.2 ml/100 ml water). The ﬂow rate was kept at 0.5 ml/min. The gradi-
ent program was as follows: 15% A/85% B 0–12 min, 40% A/60% B
12–14 min, 60% A/40% B 14–18 min, 80% A/20% B 18–20 min, 90%
A/10% B 20–24 min, and 100% A 24–28 min. The injection volume was
20 μl and peaks were monitored at 280 nm. Peak identiﬁcation was ob-
tained by comparing the retention time and theUV spectra of the fraction
phenolic chromatogram with those of pure standards which were pur-
chased from Sigma (St. Louis, MO, USA).2.7. Statistical analysis
All results were reported as means ± standard deviation (SD) of
three samples. ANOVA procedure and Duncan's test were applied to
test differences between the two solvent extracts (p b 0.05) using the
SAS system (1990) software, Version 6 (SAS Institute Inc., Cory, NJ).
Table 1
Total polyphenol, ﬂavonoid and condensed tannin contents of R. reteam shoots extracted with four different solvents (hexane, ethyl acetate, acetone 60% and water). Means (three
replicates) followed by at least one same letter within a row are not signiﬁcantly different at P b 0.05.
Fractions Polyphenol content (mg GAE/g DR) Flavonoid content (mg CE/g DR) Tannin content (mg CE/g DR)
Hexane 9.64d 12.7c 9.23b
Ethyl acetate 401a 33.21a 6.4bc
Acetone 60% 117.4c 16.2b 10.16a
Water 137b 10.43d 5.1c
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3.1. Colorimetric quantiﬁcation of antioxidant compounds
3.1.1. Total polyphenol contents
Result examination showed signiﬁcant differences in R. raetam total
polyphenols when comparing the four fractions (Table 1). In fact, ethyl
acetate fraction had the highest phenolic content (401 mg GAE/g DR)
followed successively by the acetonic and aqueous fractions (117.4 and
137 mg GAE/g DR, respectively) whereas, the petroleum ether fraction
presented the lowest content (less than 10 mg GAE/g DR). This impor-
tant variability pointed out the solvent inﬂuence on the extractability of
antioxidant compounds, in particular on the extractability of phenolics.
Indeed, several studies indicated that phenols aremoderately polar com-
pounds, so they tend to accumulate in the fraction of medium polarity
such as ethyl acetate (Wei et al., 2010). With this respect, Mariod
et al. (2009) found similar results when using several solvents with in-
creasing polarity (hexane, ethyl acetate andwater) in the splitting of an
aromatic plant Monechma ciliatum. According to these authors, the
ethyl acetate fraction has the highest phenolic compound concentration
(26.3 mg GAE/g DR) distantly followed by the aqueous and the hexane
ones (9.9 and 6.7 mg GAE/g DR, respectively).
3.1.2. Total ﬂavonoid and condensed tannin contents
The result analysis exhibited signiﬁcant differences in content of
total ﬂavonoid and condensed tannin according to the solvent
extracting power (Table 1). In fact, total ﬂavonoid content was remark-
ably superior in the ethyl acetate extract (33.21 mg CE/g DR) as com-
pared to the acetonic, hexane and water fractions (16.2, 12.7 and
10.43 mg CE/g DR, respectively). Interestingly, condensed tannin con-
tents showed a different pattern. In fact, the acetonic and hexanic frac-
tions were statistically the richest ones (10.16 and 9.23 mg CE/g DR,
respectively) as compared to the ethyl acetate and water fractions (6.4
and 5.1 mg CE/g DR). Our data concerning ﬂavonoid contents are similar
to those of Trabelsi et al. (2012)who found that the ethyl acetate fraction
obtained from the medicinal plant Limoniastrum guyonianum leaves
showed the highest levels of ﬂavonoids (45.85 mg CE/g DR), followed
by the aqueous and acetonic fractions (30.41 and 19.89 mg CE/g DR re-
spectively). Indeed, these results are consistent with earlier studies that
have shown that condensed tanins are highly soluble in alcohols and ac-
etone mostly mixed with water (Luo et al., 2002). Likewise, the signiﬁ-
cant variability between the fractions, in the phenolic compound
contents, may be attributed to the extracting power of the solvent used
and its chemical nature (organic or aqueous), structure, degree of poly-
merization and the interaction of these compounds with each other. In
fact, according to Dauer et al. (2003), the ethyl acetate is often used asTable 2
Total antioxidant capacity, DPPH radical-scavenging activity, ABTS assay, reducing power and β-c
ethyl acetate, acetone 60% and water). Means (three replicates) followed by at least one same le
Fractions Total antioxidant capacity
(mg GAE/g DR)
DPPH radical-scavenging activity
(IC50 μg/ml)
Hexane 50.7d 530a
Ethyl acetate 330.5a 33.5d
Acetone 60% 82.4c 53b
Water 148.3b 43can extraction solvent with a signiﬁcant selectivity in the extraction of
low-molecular-weight phenolic compounds and high-molecular-weight
polyphenols.
3.2. Antioxidant activities
There are several methods for the determination of antioxidant
activities. The chemical complexity of extracts, often a mixture of com-
pounds with different functional groups, polarity and chemical behav-
iors, could lead to scattered results, depending on the test employed.
Therefore, an approach with multiple assays for evaluating the antioxi-
dant potential of extracts would be more informative and even neces-
sary. In this study, six methods (total antioxidant capacity, DPPH and
ABTS radical scavenging activity, β-carotene bleachingmethod, chelating
effect and ferric reducing power) were used.
3.2.1. Total antioxidant capacity
The results of the total antioxidant activity, presented in Table 2,
showed that all fractions have variable and important antioxidant
capacities varying from 50.7 to 330.5mg GAE/g DR. The signiﬁcant var-
iability of this activity ismore likely depending on the solvent extracting
power. In fact, the ethyl acetate fraction exhibited the most important
activity (330.5 mg GAE/g DR), distantly followed by the aqueous one
(148.3 mg GAE/g DR). Finally, the hexanic and acetonic fractions
showed the lowest activity (50.7 and 82.4 mg GAE/g DR, respectively).
Our data analysis depicted that, as for the polyphenol and ﬂavonoid
results, the ethyl acetate fraction is distinguished from other fractions
by its interesting antioxidant activity. In this context, the work of
Trabelsi et al. (2012) had evaluated the total antioxidant potential of
L. guyonianum leaves and found that the ethyl acetate fraction exhibited
the highest antioxidant capacity (312.22mg GAE/g DR) followed by the
aqueous and the acetonic ones (145.52 and 56.94mg GAE/g DR, respec-
tively). Accordingly, these results suggest a positive correlation between
phenolic content of different fractions obtained and the total antioxi-
dant capacity.
3.2.2. DPPH radical-scavenging activity
A signiﬁcant difference was found between the different studied
fractions (Table 2). In fact, the results pointed out that the ethyl acetate
fraction showed the highest antiradical capacity with an IC50 about
33.5 μg/ml while the hexane fraction showed the lowest scavenging
activity (IC50 = 530 μg/ml). The acetonic and water fractions showed
similar activities with an IC50 values varying between 43 and 53 μg/ml
respectively. These results sustain those of Desire et al. (2010) who
found that the ethyl acetate fraction of the medicinal species
Mascarenhasia arborescens had better antiradical capacity than thearotene bleaching activity of R. reteam shoots extracted with four different solvents (hexane,
tter within a row are not signiﬁcantly different at P b 0.05.
ABTS assay
(IC50 μg/ml)
Reducing power
(EC50 μg/ml)
β-Carotene bleaching activity
(IC50 μg/ml)
5717a 6700a 4200d
500d 1380d 7500a
1260b 4200b 5200b
560c 2700c 4400c
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7.25 μg/ml, respectively). Similar results were also observed in the
edible Zea mays L., since the fraction of ethyl acetate was more effective
(IC50 = 76.01 μg/ml) than the other fractions (petroleum ether, ethanol
and water) (Liu et al., 2011). Accordingly, the superiority of the ethyl ac-
etate fraction is probably due to its polarity which allows the accumula-
tion of a variety of antioxidant compounds (polyphenols, ﬂavonoids
and other bioactive molecules). This indicated that compounds with the
strongest radical-scavenging activity in R. raetam are of medium polarity.
3.2.3. ABTS assay
Results presented in Table 2 showed that R. reteam fractions exhibited
very different antiradical activities as function of solvent polarities. In-
deed, the ethyl acetate fraction has the most important antiradical ca-
pacity against ABTS (IC50 = 500 μg/ml) followed by water, acetone
60% and hexane fractions with an IC50 corresponding to 560, 1260 and
5717 μg/ml, respectively (Table 2). These results agreed with those of
Zhou et al. (2011) who found that the ethyl acetate fraction of a medic-
inal species Eriobotrya japonica showed the most interesting antiradical
power compared to the acetonic one (IC50=1.01 and 1.84 VCEACmg/g
DM, respectively). These results support previous antioxidant tests,
since ethyl acetate fraction always presents the highest antioxidant
content and antioxidant capacities. These conﬁrm the suggestion that
medium polarity phenolic compounds are mainly responsible for the
important antioxidant activity in R. reteams.
3.2.4. Iron reducing power
As for the other antioxidant assays, the EC50 values, as shown in
Table 2, are signiﬁcantly different between the four fractions with an
EC50 varying from 1380 to 6700 μg/ml. As for the radical-scavenging
activities, the ethyl acetate fraction showed the best activity with the
lowest EC50 value (1380 μg/ml), while the hexane one displayed the
lowest activity with an EC50 over 6500 μg/ml. Furthermore, the acetonic
and water fractions presented a moderate iron reducing power with an
EC50 equal to 4200 and 2700 μg/ml respectively. These results corrobo-
ratewith those of Liu et al. (2011)who found that the ethyl acetate frac-
tion of corn (Zea mays L.) had better iron reducing power than the other
fractions like petroleum ether, water and ethanol (EC50 = 41, 149, 56
and 72 μg/ml, respectively). Similar results were also observed in
L. guyonianum leaves since the ethyl acetate fraction (EC50 =
270 μg/ml) was more effective at reducing the ferric ions than water
and acetone 60% (EC50 = 340 and 600 μg/ml, respectively) (TrabelsiTable 3
Antibacterial activity of R. reteam shoots extractedwith four different solvents (hexane, ethyl ac
is calculated in diameter around the disk (mm). Means (three replicates) followed by at least
Diameter of inhibition zone including the disk (mm ± SD)
Microbial strains Source no. Hexane
Bacterial strains
Gram-positive
Bacillus cereus ATCC 14579 7b
Aeromonas hydrophila ATCC 7566 7b
Staphylococcus epidermidis CIP 106510 –
Listeria monocytogenes ATCC 19115 –
Enterococcus faecalis ATCC 29212 –
Micrococcus luteus NCIMB 8166 8a
Gram-negative
Escherichia coli ATCC 85218 7b
Pseudomonas aeruginosa ATCC 27853 –
Salmonella typhimurium ATCC 1408 7b
Staphylococcus aureus ATCC 25923 7b
Vibrio vulniﬁcus ATCC 27962T 7.66ab
Vibrio alginolyticus ATCC 33787 –
Vibrio cholerae Non-O1 IPT 7b
Vibrio parahaemolyticus ATCC 17802 –
SD: standard deviation. IZ: inhibition zone. The diameter of disk was 6 mm. No antimicrobial
antimicrobial activity, inhibition zone 2 to 3 mm. Moderate antimicrobial activity, inhibi
antimicrobial activity, inhibition zone N 9 mm.et al., 2012). These observations may suggest that both solvent polarity
and plant phenolic natures greatly inﬂuence the antioxidant activity
estimation.
3.2.5. β-Carotene bleaching (BCB) antioxidant activity
A signiﬁcant variability between the different fractions was observed.
In fact, result analysis depicted that only hexane and water fractions
showed interesting IC50 values (4200 and 4400 μg/ml, respectively).
However, the ethyl acetate and acetone 60% fractions presented a lower
activity with an IC50 respectively equal to 7500 and 5200 μg/ml
(Table 2). The comparison of our results with those of earlier studies
carried out on the medicinal species Nigella sativa conﬁrms the superior-
ity of hexane and aqueous fractions by comparing them to the methanol
and ethyl acetate fractions (Abdalbasit et al., 2009). Similar results
were also observed in L. guyonianum leaves, since its aqueous fraction
(IC50 = 165 μg/ml) was more effective than acetonic and ethyl acetate
ones (IC50=200 and 385 μg/ml respectively) (Trabelsi et al., 2012). Ac-
cording to the β-carotene-linoleic acid bleaching data, the hexane and
aqueous fractions are capable of scavenging free radicals in a complex
heterogeneous medium. This suggests that the extracts may have a po-
tential use as antioxidative preservatives in emulsion type systems
(Megdiche-Ksouri et al., 2011).
3.3. Antimicrobial activity
The evaluation of this activity was estimated by measuring the ac-
tion of the four fractions on the inhibition zone diameter of 14 strains
of pathogenic bacteria. The obtained results displayed that some frac-
tions showed an appreciable antibacterial activity (Table 3). Among all
the studied fractions, the most interesting antibacterial activity was
provided by the ethyl acetate fraction. In fact, the highest power was
observed against E. coli and B. cereus, with an inhibition zone diameter
equal to 12 mm. All the other fractions have not showed an important
antibacterial activity notably against P. aeruginosa, S. epidermidis and
V. parahaemolyticus (Table 3).
The result analysis revealed a speciﬁc action of each fraction on these
bacteria. In fact, almost half of the studied bacterial strains have
expressed sensitivity to the metabolites present in these fractions
(diameter of inhibition zone between 7 and 12 mm). Ours results
conﬁrm the work of Meot-Duros et al. (2008) who studied the effects
of the chloroform fraction (same polarity as ethyl acetate) and those of
polar fraction (methanol 80%) of the halophytes Crithmum maritimum,etate, acetone 60% andwater). Fraction concentration is 300 μg/ml and the inhibition zone
one same letter within a row are not signiﬁcantly different at P b 0.05.
Ethyl acetate Acetone 60% Water
12a 9a –
10b 8b –
– – –
8d 7c –
9c 8.33ab –
– 8.33ab –
12a 8.33ab –
– – –
– – –
10b 7c –
7.66e 8.33ab –
9c 8b –
8.66cd 8.33ab 7 a
– – –
activity (–), inhibition zone b 1 mm. Weak inhibition zone, inhibition zone 1 mm. Slight
tion zone 4 to 5 mm. High antimicrobial activity, inhibition zone 6 to 9 mm. Strong
Table 4
Phenolic acid andﬂavonoid standard retention times determine by RP-HPLC. RT: retention
time.
Standards RT
1 Gallic acid 5.68
2 3.4 Dihydroxybenzoic acid 8.1
3 3.4 Dihydroxyphenylacetic acid 8.16
4 Chlorogenic acid 8.58
5 Catechine hydrate 8.98
6 Resorcinol 9.65
7 Cafeic acid 10.63
8 4-Hydroxybenzoic acid 10.65
9 3.5-Dimethoxy-4-hydroxybenzoic acid 10.89
10 Syringic acid 10.95
11 Rutin trihydrate 11.11
12 Vanillic acid 11.28
13 2.5-Dihydroxybenzoic acid 11.9
14 Naringin 12.89
15 Quercetin-3-rhamnosid 13.46
16 p-Coumaric acid 13.5
17 Trans-4-hydroxy-3-methoxycinnamic acid 14.09
18 Ferulic acid 14.19
19 Rosmarinic acid 15.25
20 Trans hydroxycinnamic acid 16.28
21 O-coumaric acid 16.24
22 Protocatechuic acid 17.7
23 Luteolin 18.16
24 Quercetine dihydrate 18.28
25 Kaempferol 18.32
26 Naphtoresorcinol 18.44
27 Salycilic acid 18.68
28 4.5.7-Trihydroxyﬂavone 19.1
29 Trans cinnamic acid 19.2
30 Apigenin 19.27
31 Flavone 24.55
32 Coumarin 25.56
33 Carnosic acid 26.09
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that the slightly polar fraction is generally more active than the polar
one because it had inhibited the growth of 9 microorganisms while the
polar ones were effective against only two strains. Likewise, a similar
work carried out on three fractions obtained from the leaves of a medic-
inal plant (burdock, Arctium lappa) conﬁrmed these results (Zaixiang
et al., 2010). In fact, according to these authors, the ethyl acetate fraction
is themost effective compared to other fractions (butanol andwater) as
it inhibits the growth of six strains. On the other hand, the work ofFig. 2. RP-HPLC chromatogram of ethyl acetate fraction. Signal was recorded at 280 nm. Peak nu
resorcinol; 7, cafeic acid; 10, syringic acid; 12, vanillic acid; 13, 2.5-dihydroxybenzoic acid; 14,
acid; 20, trans hydroxycinnamic acid; 21, o-coumaric acid; 22, protocatechuic acid; 23, luteolin
marin; and 33, carnosic acid; ND, not determined.Rodríguez Vaquero et al. (2007) showed that the antibacterial activity
of plant extracts against Gram negative is very low or absent. This
type of bacteria (Gram−) has a high resistance to antimicrobial agents
due to their membrane. However the results the ethyl acetate fraction
showed a signiﬁcant activity against ﬁve Gram− (E. coli, A. hydrophila,
V. vulniﬁcus, V. alginolyticus and V. cholerae). This is likely due to the
quality of phenolic compounds present in this fraction.
This research on R. raetam biological activities corroborates its
ethnobotanical claims as in the local folklore (Maghrani, 2005). The in-
vestigation of this understudied halophyte biological activities reveals
an interesting potential of its fractions as an excellent source of active
antioxidant and antibacterial compounds. In fact, these fractions could
represent a safe alternative to replace synthetic antioxidants such as
BHA and BHT which are presently accused of being cancerogenous
and are dangerous for human health (Suhaj, 2006). Basically, the
assessed fractions, specially the ethyl acetate, could be of great interest
as dietary supplements (inhibit the growth of foodborne pathogens,
delay the oxidative process), or as natural antioxidants/antibacterial
for the pharmacological/cosmetic industries.
3.4. Identiﬁcation of phenolic compounds by RP-HPLC assay
The ethyl acetate fraction which was distinguished from the others
by the highest biological activity was selected for the identiﬁcation of
its main compounds by RP-HPLC. Table 4 displays the retention time
of authentic standards, and Fig. 2 presented a typical HPLC chromato-
gram of the ethyl acetate fraction. The results obtained revealed a pheno-
lic ﬁngerprint composed of seventeen phenolic acids which are
resorcinol, coumarin, gallic, 3.4 dihydroxybenzoic, cafeic, syringic, vanillic,
2.5-dihydroxybenzoic, p-coumaric, ferulic, rosmarinic, o-coumaric, trans-
hydroxycinnamic, protocatechuic, salycilic, trans-cinnamic, and carnosic
acids. Also six ﬂavonoids (catechin hydrate, naringin, quercetin-3-
rhamnosid, luteolin, quercetin dihydrate and ﬂavone) were found.
Besides, three major compounds have been detected and identiﬁed as
syringic acid, coumarin and an unidentiﬁed one.
Themain results obtained from the chromatographic proﬁle showed
a good wealth of R. raetam that had several phenolic acids which are
known for their important antioxidant and anti-inﬂammatory capaci-
ties (Macheix et al., 2005). In addition, these compounds have powerful
antibacterial activities as compared to ﬂavonoids (Macheix et al., 2005).
In fact, syringic acid is a phenolic compound used as a sedative and
local anesthetic, with important antitussive and expectorant effectsmbers corresponding to: 1 gallic acid; 2, 3.4 dihydroxybenzoic acid; 5, catechine hydrate; 6,
naringin; 15, quercetin-3-rhamnosid; 16, p-coumaric acid; 18, ferulic acid; 19, rosmarinic
; 24, quercetine dihydrate; 27, salycilic acid; 29, acid trans cinnamic; 31, ﬂavone; 32, cou-
120 S. Mariem et al. / South African Journal of Botany 94 (2014) 114–121(Ramachandran, 2010). Moreover, recent research demonstrated that
this phenolic acid shows strong antioxidant, antiproliferative, anti-
endotoxic, anti-cancer and hepatoprotective activities (Ramachandran,
2010). In addition, syringic acid has also been shown to have strong anti-
bacterial and anti-inﬂammatory activities and an interesting fungitoxic
effect (Stanikunaite et al., 2009; Chong, 2009). Furthermore, the distribu-
tion of biologically active coumarins in plants seems to correlate with
their ability to act as phytoalexins, i.e. they are formed as a response to
traumatic injury, during the wilting process, by plant diseases or through
drying. They accumulate on the surface of the leaves, fruits and seeds, in-
hibit the growth and sporulation of fungal plant pathogens and act as re-
pellents against beetles and other terrestrial invertebrates (Matern et al.,
1999). In addition, coumarins exhibit a variety of bioactivities including
anticoagulant, estrogenic, dermal photosensitising, antimicrobial, vasodi-
lator, molluscicidal, antithelmintic, sedative, hypnotic, analgesic and hy-
pothermic activities (Ojala, 2011). Nevertheless, various coumarins
have been reported to possess anti-inﬂammatory activity as shown in
carrageenan-induced inﬂammation and cotton pellet granuloma tests
(Ojala, 2011). Considering the ﬂavonoids identiﬁed in R. raetam, the six
thatwere found in the ethyl acetate fraction are involved in plant defense
against bacterial and viral infections and in protecting plants against UV
radiation (Macheix et al., 2005). They also have radical-scavenging
properties, anticancer, anti-inﬂammatory and antiallergic activities
(Macheix et al., 2005). The unknown peak at near 21 min (Fig. 2) is
one of the dominant compounds in the HPLC proﬁle; its identity is cur-
rently under investigation. The other minor phenolic compounds
should not be neglected, since synergy between the different chemicals
should be taken into consideration for the biological activity (Djeridane
et al., 2006).4. Conclusion
All the fractions from the Tunisian halophyte R. raetam showed a
potent antioxidant activity and some of them exhibited interesting
antibacterial one. Phenolic concentration in R. raetamwas very high es-
pecially for the ethyl acetate fraction and was probably responsible for
its important biological activities. The RP-HPLC data revealed a large
number of phenolic acids and ﬂavonoids in R. raetam shoot with couma-
rin and syringic acid as major phenolics. As a whole, our results suggest
that R. raetam compounds extractedwith ethyl acetatemight be valuable
sources of natural antioxidants useful in medical and food industries.Authors' contributions
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